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(57) ABSTRACT

A method for treating a semiconductor wafer having a basic
doping is disclosed. The method includes determining a dop-
ing concentration of the basic doping, and adapting the basic
doping of the semiconductor wafer by postdoping. The post-
doping includes at least one of the following methods: a
proton implantation and a subsequent thermal process for
producing hydrogen induced donors, and a neutron irradia-
tion. In this case, at least one of the following parameters is
dependent on the determined doping concentration of the
basic doping: an implantation dose of the proton implanta-
tion, a temperature of the thermal process, and an irradiation
dose of the neutron irradiation.
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1
METHOD FOR POSTDOPING A
SEMICONDUCTOR WAFER

REFERENCE TO RELATED APPLICATION

This application claims priority to German application
number 10 2013 216 195.6 filed on Aug. 14, 2013.

FIELD

Example embodiments of the present disclosure relate to a
method for treating a semiconductor wafer, in particular for
doping a semiconductor wafer.

BACKGROUND

Semiconductor components having a high dielectric
strength, i.e. semiconductor components having dielectric
strengths of from a few tens of volts (V) to a few kilovolts
(kV), are widely used in many fields, such as, for example,
industrial electronics, automotive electronics or consumer
electronics. Semiconductor components having a high
dielectric strength which are able to carry high currents, such
as, for example, currents of a few amperes or more, in the on
state are also designated as power components. Semiconduc-
tor components having a high dielectric strength include, for
example, MOSFETs (Metal Oxide Semiconductor Field-Ef-
fect Transistors), IGBTs (Insulated Gate Bipolar Transistors),
bipolar transistors, bipolar diodes, thyristors or Schottky
diodes.

These components have a relatively lightly doped semi-
conductor region, usually designated as the drift region (in the
case of MOSFETs) or as the base region (in the case of diodes
or thyristors). This drift region/base region forms a pn junc-
tion or a Schottky junction with another component zone,
such as, for example, a body region in the case of a MOSFET
or an IGBT, and is able to take up a space charge zone in the
case of a reverse-biased pn junction/Schottky junction. The
reverse voltage strength, that is to say the voltage which can
maximally be applied in the reverse direction before a critical
field strength is attained and an avalanche breakdown com-
mences, is dependent, inter alia, on a doping concentration of
the drift region/base region and the dimension thereof in a
direction perpendicular to the pn junction/Schottky junction.

In a semiconductor component having a high dielectric
strength, the drift region/base region occupies a significant
part of the volume of a semiconductor body in which the
semiconductor component is implemented. This applies in
particular to a vertical semiconductor component, that is to
say a component in which the drift region/base region is
arranged between further component zones (for example the
body zone and the drain zone in the case of a MOSFET)
situated in the region of opposite sides of the semiconductor
body. For the production of such a semiconductor compo-
nent, therefore, it is desirable to have available a semiconduc-
tor substrate having a basic doping that already corresponds
to the desired doping of the drift region/base region. Further
doped component regions can then be produced by conven-
tional doping methods in the semiconductor substrate, those
regions in which the basic doping is maintained forming the
drift region/base region.

On account of the abovementioned dependence of the
dielectric strength of the component on the doping of the base
region/drift region, providing a semiconductor substrate hav-
ing an exactly defined basic doping is of great importance.

In order to reduce costs when producing semiconductor
components, usually a multiplicity of identical components
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are produced simultaneously on the basis of a semiconductor
wafer. Said semiconductor wafer forms a semiconductor sub-
strate for a multiplicity of components and is divided into
individual semiconductor chips (referred to as dies) after
processing.

Such semiconductor wafers for the production of semicon-
ductor components are obtained by sawing a cylindrical (rod-
shaped) single crystal. Known methods for producing such a
single crystal include the Czochralski (CZ) method, the mag-
netic Czochralski (MCZ) method or the float-zone (FZ)
method. The single crystal can be doped during the produc-
tion method. In this case, by means of the FZ method, a single
crystal having a very homogeneous and defined doping can be
produced, which can be subdivided into semiconductor
wafers suitable as substrates for the production of high-volt-
age components. However, heretofore, single crystals pro-
duced according to the FZ method have been available only
with a diameter of 8" (inches). In order to increase efficiency,
however, it would be desirable to process semiconductor
wafers having a higher diameter, such as 12", for example, in
order to be able to produce a higher number of components
simultaneously.

Heretofore, however, single crystals having such higher
diameters have not been able to be produced according to the
FZ method. Although such single crystals can be produced by
the MCZ method, the single crystal is already doped during
the production method, thus resulting in a very inhomoge-
neous doping which decreases greatly from a first longitudi-
nal end to a second longitudinal end of the semiconductor rod.
Furthermore, the maximum doping present at the first longi-
tudinal end can also fluctuate from single crystal to single
crystal under identical production conditions.

SUMMARY

In one embodiment of the present disclosure, a semicon-
ductor wafer having a large diameter, such as, for example,
12" or more is provided, for the production of semiconductor
components, in particular components having a high dielec-
tric strength.

In one embodiment, the disclosure relates to a method for
treating a semiconductor wafer having a basic doping. The
method comprises determining a doping concentration of the
basic doping, and adapting the basic doping of the semicon-
ductor wafer by postdoping. Said postdoping comprises at
least one of the following methods: a proton implantation and
a subsequent thermal process for producing hydrogen
induced donors; and a neutron irradiation. During the post-
doping, at least one of the following parameters is dependent
on the determined doping concentration of the basic doping:
an implantation dose of the proton implantation, a tempera-
ture of the thermal process, and an irradiation dose of the
neutron irradiation.

BRIEF DESCRIPTION OF THE DRAWINGS

Example embodiments are explained in greater detail
below with reference to drawings. These drawings serve to
explain the principle, and so the drawings illustrate only those
features which are necessary for understanding the principle.
The drawings are not true to scale. In the drawings, unless
indicated otherwise, identical reference signs designate iden-
tical features having the same meaning.

FIG. 1 schematically shows a cylindrical (rod-shaped)
single crystal.
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FIG. 2 schematically illustrates the resistivity and the dop-
ing concentration of a single crystal produced according to
the MCZ method over the length of the single crystal.

FIG. 3 illustrates one example embodiment of a method for
measuring the resistivity of a semiconductor wafer obtained
from a cylindrical single crystal.

FIGS. 4A and 4B illustrate one example embodiment of a
method for measuring the resistivity of a cylindrical single
crystal.

FIG. 5 illustrates one example embodiment of a method for
postdoping a semiconductor wafer.

FIG. 6 schematically shows a plan view ofa semiconductor
wafer and illustrates a grid for later division of the semicon-
ductor wafer.

FIG. 7 shows a vertical cross-sectional view of a part of a
semiconductor wafer in which component zones of a MOS
transistor have already been produced, during the postdoping.

FIGS. 8A and 8B show a vertical cross-sectional view of a
part of the semiconductor wafer in which component zones of
a MOS transistor have already been produced, during a post-
doping in accordance with a further example.

FIG. 9 shows a vertical cross-sectional view of a part of a
semiconductor wafer in which component zones of a thyristor
have already been produced, during the postdoping.

FIG. 10 shows a vertical cross-sectional view of a part of'a
semiconductor wafer in which component zones of a bipolar
transistor have already been produced, during the postdoping.

FIG. 11 shows a vertical cross-sectional view of a part of a
semiconductor wafer in which component zones of a Schot-
tky diode have already been produced, during the postdoping.

FIG. 12 illustrates one example embodiment of a further
method for postdoping a semiconductor wafer.

FIG. 13 illustrates one example embodiment of yet another
method for postdoping a semiconductor wafer.

DETAILED DESCRIPTION

FIG. 1 schematically shows a cylindrical monocrystalline
semiconductor body 1, which is also designated as a semi-
conductor rod hereinafter. This semiconductor rod is, for
example, a semiconductor rod produced according to the
MCZ (magnetic Czochralski) method and has a diameter d
and a length 1. The diameter d is for example more than 8
inches, such as, for example, 12 inches (approximately 30.48
cm) or more. Such a semiconductor rod 1 can be doped as
early as during the production method, i.e. during the pulling
of the semiconductor rod from a melt. However, such semi-
conductor rods that are also doped during the production
method have the property that although their doping concen-
tration is approximately homogeneous in a radial direction,
i.e. transversely with respect to a longitudinal direction x, the
doping concentration varies greatly in the longitudinal direc-
tion x of the semiconductor rod.

FIG. 2 schematically illustrates the resistivity and the dop-
ing concentration as a function of a position x of the rod in the
longitudinal direction. A length 1 of the rod 1 is for example
1200 millimeters (mm), the resistivity at one end is for
example approximately 1470 ohm-cm, and the resistivity at
the opposite end is for example approximately 220 ohm-cm,
that is to say is lower by more than a factor of 6.

The resistivity is directly dependent on the doping concen-
tration, the resistivity decreasing if the doping concentration
increases. In the example illustrated, it shall be assumed that
the semiconductor rod consists of silicon and that it has a
basic doping of the n-type produced by n-doping phosphorus
atoms as dopant atoms. For the above-indicated values of the
resistivity at the two ends, the dopant concentration at said
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one end is for example approximately 3E12 cm™>, and at the
opposite end for example approximately 2E13 cm™. In a
manner corresponding to the electrical resistivity, therefore,
the doping concentration over the entire length of the semi-
conductor rod also varies by more than a factor of 6. Further-
more, from semiconductor rod to semiconductor rod the
maximum doping concentration (the minimum resistivity)
and accordingly the minimum doping concentration (the
maximum resistivity) also vary on account of conventional
process fluctuations during the production of the doped semi-
conductor rods.

From the semiconductor rod illustrated schematically in
FIG. 1, semiconductor wafers can be cut off or sawn off in a
conventional manner. On account of the above-explained
fluctuations of the doping concentration over the length of the
semiconductor rod 1, the doping concentrations of the semi-
conductor wafers produced from such a semiconductor rod
fluctuate to a considerable extent, such that semiconductor
wafers produced from a semiconductor rod 1 that was doped
during the production method, for the reasons explained in
the introduction, are primarily not suitable for the production
of semiconductor components having a high dielectric
strength.

Since semiconductor rods produced according to the MCZ
method, and hence the semiconductor wafers produced there-
from, can have a diameter of 12 inches or more, with the use
of'such semiconductor wafers it is possible to simultaneously
produce a higher number of semiconductor components than
would be the case, for example, if smaller semiconductor rods
produced according to the FZ (float-zone) method were used.
Therefore, it is desirable to be able to use semiconductor rods
produced according to the MCZ method (or generally semi-
conductor rods whose doping fluctuates greatly in the longi-
tudinal direction) for the production of semiconductor com-
ponents having a high dielectric strength.

A description is given below of various methods which
ultimately make it possible to use such semiconductor wafers
for the production of semiconductor components having a
high dielectric strength. These methods require firstly deter-
mining a doping concentration of the basic doping of the
individual semiconductor wafers. This process of determin-
ing the doping concentration of the basic doping can be car-
ried out, for example, by measuring the resistivity of the
individual semiconductor wafers. Optical methods for deter-
mining the doping concentration, such as, for example, the
surface photovoltage method or the u-PCD (Microwave Pho-
toconductive Decay) method, are also possible.

The electrical resistivity can be measured for example by
means of a four-tip measurement on the semiconductor wafer.
FIG. 3 schematically shows a side view of such a semicon-
ductor wafer 100 cut off from the semiconductor rod 1. In a
four-tip measurement, four electrodes that usually have a
contact tip are brought into contact with the surface of the
semiconductor wafer 100. This bringing into contact is car-
ried out at one of two main surfaces 101, 102 of the semicon-
ductor wafer 100, which can also be designated as the front
and rear sides of the semiconductor wafer 100. FIG. 3 sche-
matically illustrates a measuring arrangement 200 having
four contact tips 201, 202, 203, 204. During the measurement,
via two of the contact tips, for example the contact tips 201
and 204, a current is impressed into the semiconductor wafer
100 via the surface, and a voltage is determined between the
other two contact tips, such as the contact tips 202, 203, for
example. On the basis of this measurement, it is possible to
determine the electrical resistivity, in particular the electrical
surface resistivity of the semiconductor wafer 100. On the
basis of the thickness of the semiconductor wafer 100, that is
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to say the dimension of the semiconductor wafer 100 in a
direction perpendicular to the front and rear sides 101, 102, it
is then possible to determine the electrical resistivity of the
semiconductor wafer 100.

As already mentioned, the electrical resistivity is directly
related to the doping concentration of the basic doping, such
that the doping concentration of the basic doping can be
determined on the basis of the electrical resistivity. For silicon
having an n-type basic doping on the basis of phosphorus
atoms, the doping concentration of the basic doping can be
determined depending on the electrical resistivity for
example with the aid of the diagram in Sze: “Semiconductor
Devices, Physics and Technology”, 2" edition, 2002, Wiley-
Verlag, ISBN 0-471-33372-7, page 55, FIG. 7.

As has already been mentioned above, the doping in the
semiconductor rod 1 in a radial direction is approximately
homogeneous, such that the doping concentration of the basic
doping in the semiconductor wafer 100 is approximately
homogeneous, on condition that the thickness of the semi-
conductor wafer 100 is small in comparison with the length 1
of the semiconductor rod 1. Given a length 1 of the semicon-
ductor rod 1 of several 100 millimeters, such as, for example,
1000 millimeters or more, and a customary thickness of the
semiconductor wafer 100 of less than 1 mm, this condition is
met. The above-explained measurement of the surface resis-
tivity, with the aim of determining the doping concentration
of the basic doping, can be carried out at a plurality of loca-
tions of the front side and/or rear side 101, 102 of the semi-
conductor wafer 100, wherein the results thereby obtained for
the surface resistivity or—derived therefrom—the doping
concentration of the basic doping can be averaged. The result
obtained by this averaging is then the determined doping
concentration of the basic doping of the semiconductor wafer
100.

Instead of measuring the resistivity of the semiconductor
wafer 100 after the latter has been cut off from the semicon-
ductor rod 1, there is also the possibility of measuring the
resistivity of a semiconductor wafer or of a plurality of semi-
conductor wafers even before they are cut off from the semi-
conductor rod 1. Such a procedure is illustrated schematically
in FIGS. 4A and 4B. FIG. 4A shows a side view of the
semiconductor rod 1 during the measurement, and FIG. 4B
shows a plan view of the semiconductor rod 1 during the
measurement. In this measuring method, provision is made
for subdividing the semiconductor rod 1 in the longitudinal
direction x into a multiplicity of semiconductor sections
(which are still fixedly connected and are part of the monoc-
rystalline rod 1) and for determining at least once the electri-
cal resistivity, and thus the doping concentration of the basic
doping, within each of said sections. Afterward, the semicon-
ductor rod 1 is cut up in such a way that each of these
individual sections forms a semiconductor wafer 100,, 100,
1005, 100,,, wherein the resistivity previously determined for
a semiconductor section or the doping concentration previ-
ously determined for said semiconductor section is the deter-
mined resistivity or respectively the determined doping con-
centration of the basic doping of the semiconductor wafer
obtained from said semiconductor section.

In the measuring method, provision is made for determin-
ing the resistivity of the semiconductor rod 1 at at least one
position of the semiconductor rod 1 in the longitudinal direc-
tion X, wherein the electrical resistivity determined at this
position is the electrical resistivity of the semiconductor
wafer that is later cut off from this position of the semicon-
ductor rod 1.

The measurement of the electrical resistivity of the semi-
conductor rod 1 at one position or at a plurality of positions of
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the semiconductor rod 1 in the longitudinal direction x
thereof can be carried out by means of a four-tip measure-
ment, for example. Referring to FIG. 4B, the measurement in
this case takes place for example in such a way that the four
contact tips of the measuring device 200 act on the circum-
ferential surface of the semiconductor rod 1 at a distance from
one another in a circumferential direction of the semiconduc-
tor rod 1. In this method, the surface resistivity is measured,
from which the electrical (volume) resistivity can be deter-
mined taking account of the geometry of the semiconductor
rod.

The method additionally provides for postdoping the semi-
conductor wafer taking account of the previously determined
doping concentration of the basic doping such that the semi-
conductor wafer 100 has a defined basic doping, i.e. a defined
doping concentration of the basic doping. The method pro-
vides, in particular, for performing an additional n-type dop-
ing of the semiconductor wafer 100. In the case where an
n-type basic doping of the semiconductor wafer 100 is
present, this additional n-type doping can serve to obtain a
higher n-type doping of the semiconductor wafer. In the case
where a p-type basic doping of the semiconductor wafer 100
is present, this additional n-type doping can serve to reduce a
net p-type doping of the semiconductor wafer.

One possible method for postdoping the semiconductor
watfer 100 is illustrated schematically in FIG. 5. This method
provides for implanting protons (hydrogen ions, H") into the
semiconductor wafer 100 via one of the front and rear sides
101, 102 and subsequently heating the semiconductor wafer,
such that the introduced protons in the semiconductor lattice
of'the semiconductor crystal of the semiconductor wafer 100
form n-doping complexes, so-called hydrogen induced
donors. The temperature of this thermal process is for
example between 400° C. and 570° C., in particular between
450° C. and 550° C. The duration of the thermal process is for
example between one hour and ten hours, in particular
between three hours and six hours. The additional doping of
the semiconductor wafer 100 that is produced by this post-
doping method is an n-type doping, such that this method is
suitable for increasing the n-type doping of a semiconductor
wafer 100 having a n-type basic doping, or is suitable for
reducing the p-type doping of a semiconductor wafer 100
having a p-type basic doping. In the case of a semiconductor
wafer 100 having an n-type basic doping, the additional
n-type doping produced by the proton irradiation and the
thermal process is added to the basic doping already present,
such that the following holds true after the conclusion of the
method explained with reference to FIG. 5:

Nyor=No+Ny ),

wherein N is the total doping concentration, N denotes
the doping concentration of the basic doping, and N, denotes
the doping concentration added by the postdoping.

Since the basic doping N; can differ greatly for individual
semiconductor wafers 100 in the manner explained, it is nec-
essary for the doping concentration N, added by the postdop-
ing to be adapted to the basic doping N; already present, in
order to achieve a defined total doping of the semiconductor
wafer 100.

Inthe method explained above with reference to FIG. 5, the
doping concentration N, of the added doping can be set by
means of two parameters, namely the implantation dose of the
protons, that is to say the quantity of protons implanted per
unit area via the front side and/or rear side 101, 102 and the
temperature of the annealing process. It holds true here that,
given a specific implantation dose, the resulting doping con-
centration is all the lower, the higher the temperature of the
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annealing process is chosen within the temperature range
indicated above. In one example of the method, provision is
made for choosing the implantation dose independently of the
existing basic doping N of the semiconductor water 100, i.e.
for using the same implantation dose for each semiconductor
wafer, and for adapting the temperature of the annealing
process depending on the previously determined basic doping
N in order thereby to set the added doping concentration N ;.

The implantation method can be carried out in such a way
that protons are implanted into the semiconductor wafer 100
only with one implantation energy via one of the front and
rear sides 101, 102 (this side is subsequently designated as the
implantation side). A maximum of the proton concentration
then initially lies at a position in a vertical direction of the
semiconductor wafer 100 which is determined by the implan-
tation energy. This position is usually designated as the end-
of-range or end-of-range region of the implantation. The
“vertical direction” of the semiconductor wafer 100 is a direc-
tion perpendicular to the front and rear sides 101, 102. During
the subsequent thermal process, the protons then diffuse in
the direction of the side via which the protons were
implanted, and hydrogen induced donors arise from crystal
defects produced by the proton irradiation in the crystal lat-
tice of the semiconductor wafer 100 and the protons. To what
extent the protons diffuse in the direction of the implantation
side and how homogeneous a doping is between the end-of-
range and the implantation side depends, inter alia, on the
duration of the thermal process and the position of the end-
of-range proceeding from the implantation side. In principle,
it holds true that the doping becomes more homogeneous as
the duration of the thermal process increases, i.e. as the dura-
tion of the redistribution of the protons increases.

One example provides for carrying out the thermal process
until the volume between the implantation side and the end-
of-range has an at least approximately homogeneous doping.
This should be understood to mean that at least 60% or even
at least 80% of a volume of the semiconductor wafer 100
between the implantation side and the end-of-range of the
implantation has an at least approximately homogeneous
doping. In this connection, an “at least approximately homo-
geneous doping” is a doping for which a ratio between a
maximum doping concentration and a minimum doping con-
centration in a volume region under consideration is less than
3, less than 2, less than 1.5 or even less than 1.2.

A further method provides for carrying out a plurality of
implantations via at least one of the front and rear sides 101,
102 and for varying the implantation energy in the process.

In a region between the end-of-range of the implantation
and the opposite side of the semiconductor wafer 100 relative
to the implantation side, no crystal defects are produced by
the proton implantation, such that no hydrogen induced
donors are formed there (despite a possible diffusion of the
protons into this region). One example of the method provides
for implanting protons into the semiconductor wafer 100 both
via the front side 101 and via the rear side 102, wherein the
implantation energies can be chosen in particular such that the
end-of-range of the implantation via one of the front and rear
sides lies closer to the other of the front and rear sides than the
end-of-range of the implantation via said other of the front
and rear sides. In this case, crystal defects are present in all
regions of the semiconductor wafer, such that an approxi-
mately homogeneous doping can be achieved over the entire
wafer 100.

Another example provides for carrying out implantation
only via one side and for removing (thinning) the semicon-
ductor water 100, proceeding from the side via which implan-
tation was not effected, as far as the end-of-range or even
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including the end-of-range. After the removal, the approxi-
mately homogeneously doped region remains between the
earlier end-of-range and the implantation side. The removal
comprises, for example, at least one of an etching method, a
grinding method and a polishing method.

Two examples of a postdoping of the semiconductor wafer
100 using a proton implantation and a subsequent thermal
process are explained below. For explanation purposes, it
shall be assumed that a total basic doping (target doping
concentration) of the semiconductor wafer of 3.6E13 cm™> is
intended to be achieved over a depth of at least 120 um. This
basic doping corresponds to a resistivity of 120 ohm-cm. The
examples explained below specify in each case the deter-
mined basic doping of a semiconductor water 100 and the
process parameters for the postdoping (proton dose, implan-
tation energy and duration and temperature of the thermal
process) which was carried out in order to achieve an at least
approximately homogeneous doping with the target doping
concentration in the semiconductor wafer 100 between the
end-of-range of the implantation and the implantation side.

1°* Example

Determined basic doping: 3.08E13 cm™ (140 ohm-cm)
Implantation energy: 4 MeV

Implantation dose: 1E14 cm™>

Duration of the thermal process: 10 hours

Temperature of the thermal process: 505° C.

2"? Example

Determined basic doping: 2.16E13 ¢cm™ (200 ohm-cm)
Implantation energy: 4 MeV

Implantation dose: 1.5E14 cm™

Duration of the thermal process: 8 hours

Temperature of the thermal process: 500° C.

The above-explained postdoping of the semiconductor
watfer 100 can be performed on the unprocessed semiconduc-
tor wafer 100, that is to say when the semiconductor wafer
100 has only the basic doping with which the semiconductor
rod 1 was produced. In this case, however, there is the risk that
further process steps carried out for producing components
having a high dielectric strength will reduce the doping con-
centration of the hydrogen induced donors in an undesired
manner. In one example embodiment of the method, there-
fore, provision is made for performing the postdoping of the
semiconductor wafer 100 only when some process steps for
producing a semiconductor component having a high dielec-
tric strength have already been carried out. This is explained
by way of example below with reference to FIGS. 6 to 10.

FIG. 6 schematically shows a plan view of'a semiconductor
wafer 100 on the basis of which a multiplicity of semicon-
ductor components having a high dielectric strength are pro-
duced. Dotted lines illustrate a grid that defines a later subdi-
vision of the semiconductor wafer 100 into individual
semiconductor chips. Each of said semiconductor chips is the
basis of a semiconductor component having a high dielectric
strength, such as, for example, a MOSFET, an IGBT, a diode
or a thyristor. The component structures of the individual
semiconductor chips are produced simultaneously, wherein,
for a given chip size, the yield of semiconductor chips per
semiconductor wafer 100, and thus the efficiency of the pro-
duction method, increases as the diameter d of the semicon-
ductor wafer 100 increases.

FIGS. 7 to 10 illustrate as excerpts a vertical cross section
of'one of'the semiconductor chips in a vertical sectional plane
A-A illustrated schematically in FIG. 6. These figures illus-
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trate an excerpt from a so-called inner region of the individual
semiconductor chips, that is to say a region in which active
component regions of the semiconductor component having a
high dielectric strength that is implemented in the semicon-
ductor chip are arranged. So-called edge regions which sur-
round the inner region in a ring-shaped manner and which
have an edge termination of the component are not illustrated
in these figures.

FIG. 7 schematically shows a vertical cross-sectional view
of a later MOS transistor during the postdoping. Before the
postdoping, i.e. before the proton implantation and the ther-
mal process, in this case a drain region 14 has already been
produced in the region of one side 102 (which is designated
hereinafter as the rear side), of the wafer 100 and body regions
12, source regions 13 and gate electrodes 21 have already
been produced in the region of a further side 101 (which is
designated hereinafter as the front side). The gate electrodes
21 are arranged adjacent to the body region 12 and are dielec-
trically isolated from semiconductor regions in the wafer 100
by a gate dielectric 22. A source region 13, a body region 12
and a gate electrode 21 are in each case part of a so-called
transistor cell, wherein the individual transistor cells have a
drift region 11, which adjoins the body zones 12 of the indi-
vidual transistor cells, and the drain region 14 jointly. In the
later component, the individual transistor cells are connected
in parallel by the gate electrodes 21 being jointly connected to
a gate terminal and by the individual source regions being
jointly connected to a source terminal. The body regions 12
can have contact regions 14 which extend as far as the front
side 101 and via which the body regions 12 can likewise be
connected to the source terminal.

The drain region 14 and the source and body regions 13,12
can be produced in a conventional manner by implantation
and/or diffusion processes. The drift region 11 is a region
having the basic doping of the semiconductor wafer 100,
which before the postdoping is given only by the doping of the
semiconductor rod 1. In the example illustrated, the gate
electrodes 21 are trench electrodes, that is to say electrodes
arranged in trenches of the semiconductor wafer 100. Such
gate electrodes 21 can be produced in a conventional manner
by producing trenches, producing a gate dielectric 22 on
sidewalls and on the bottom of the trenches and by producing
gate electrodes 21 on the gate dielectric layer 22. It goes
without saying that other gate topologies, such as a planar
gate electrode, for example, can also be provided.

During the postdoping, in the manner explained, protons
are implanted into the semiconductor wafer 100 via at least
one of the front and rear sides 101, 102 and then the thermal
process for producing the hydrogen induced donors is carried
out. In one example, the proton implantation is carried out via
the front side 101 in such a way that the maximum of the
proton concentration directly after the implantation, i.e. the
end-of-range, is near the drain zone 14 or in the drain zone. In
this case, during the thermal process the protons diffuse in the
direction of the front side 101 and bring about an approxi-
mately homogeneous postdoping of the drift zone 11. During
this process, the body zone 12, the source zone 13 and the
drain zone 14 can also be postdoped. However, the doping
concentrations of these semiconductor zones are usually
greater than the desired doping concentration of the postdop-
ing by a multiple, such that the postdoping does not signifi-
cantly influence the doping concentrations of these semicon-
ductor zones 12, 13, 14. In this regard, the doping
concentration of the drain zone 14 and of the source zone 13
lies above 10'° cm™3, for example, and the doping concentra-
tion of the body zone 12 lies above 10'° cm™>, for example,
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while the desired doping concentration of the postdoping lies
in the range of between 10 cm™ and 10** cm™>, for
example.

The MOS transistor component produced on the basis of
the semiconductor wafer 100 in accordance with FIG. 7 can
be a MOSFET. In this case, the source zone 13 and the drain
zone 14 are n-doped, while the body zone 12 is p-doped. The
component can also be embodied as an IGBT, wherein the
drain zone 14 is p-doped in this case. In the case of an IGBT,
the drain zone 14 is also designated as the emitter zone.
Moreover, in the case of an IGBT, emitter short circuits can be
present which extend from the rear side 102 through the
emitter zone 14 right into the drift zone 11 and which are of
the same conduction type as the drift zone 11 (the drift zone
11 is also designated as the base zone in the case of an IGBT).
Such emitter short circuits—like the emitter zone 14 as
well—can also be produced before the postdoping, but are not
illustrated in FIG. 7.

FIG. 7 additionally illustrates a drain metallization (emitter
metallization) 31, which is applied to the rear side 102 of the
semiconductor body and makes contact with the drain region/
emitter region 14. Said metallization 31 can also be produced
before the postdoping is carried out, to be precise in particular
if the proton implantation is carried out via the front side 101
and if the semiconductor wafer 100 is no longer thinned after
the postdoping, as explained below in connection with FIGS.
8A-8B.

A further example embodiment provides for implanting
protons via the rear side 102 or protons via the front and rear
sides 101, 102. In this case, the metallization 31 is produced
after the postdoping has been carried out. The same corre-
spondingly applies to metallizations in the region of the front
side 101 which form the later gate terminal and the later
source terminal of the component.

FIGS. 8A and 8B illustrate a further method for a postdop-
ing of a semiconductor wafer 100 during a production of a
MOS transistor. These figures in each case show a vertical
cross section of an excerpt from the semiconductor wafer 100
during the method.

This method provides for thinning the semiconductor
wafer after the postdoping proceeding from the rear side 102.
FIG. 8 A shows the semiconductor wafer 100 during the pro-
ton implantation of the postdoping, wherein, for example, the
source and body regions 13, 12 and the gate electrode 21 and
the gate dielectric 22 have already been produced beforehand
in the region of the front side 101. In the example illustrated,
the proton implantation is carried out via the front side 101,
and the end-of-range region of the implantation is designated
by 110 in FIG. 8A. Between said end-of-range region 110 of
the implantation and the rear side 102, hardly any hydrogen
induced donors are formed during the thermal process, i.e. the
doping is not adapted in this region.

This region between the rear side 102 and the end-of-range
region 110 or between the rear side 102 and including the
end-of-range region is subsequently removed by the removal
of'the semiconductor wafer 100 proceeding from the rear side
102. The reference sign 102' in FIG. 8B designates the rear
side obtained after this removal. Dopant atoms for producing
the drain or emitter zone 14 are subsequently introduced via
this rear side 102'. These dopants are implanted, for example.
These dopants can be activated by a laser beam or by an RTA
(Rapid Thermal Annealing) process. In this case, only a near-
surface region of the semiconductor wafer 100 at the rear side
102' is heated briefly, and so this activation has no appreciable
influence on the postdoping with hydrogen induced donors.
“Near-surface” regions are, for example, those which are
nearer than 1 micrometer or nearer than 0.5 micrometer to the
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surface. The thermal process for producing the hydrogen
induced donors can be carried out before or after the activa-
tion.

As an alternative to the method explained with reference to
FIGS. 7 and 8 A-8B, the proton implantation for the postdop-
ing can also be carried out via the rear side 102, for example
before the rear-side metallization 31 is applied. In this case,
the end-of-range region of the implantation lies in the body
regions 12, for example. The drain or emitter region 14 can be
produced before or after the proton implantation, wherein, in
the last-mentioned case, the semiconductor wafer 100 can
also be thinned proceeding from the rear side 102 before the
production of the drain or emitter region 14.

FIG. 9 schematically shows a vertical cross-sectional view
of a portion of the semiconductor wafer 100 in which active
component regions of a thyristor were produced before the
postdoping. The active component regions are a p-type emit-
ter 42 in the region of the rear side 102 of the semiconductor
wafer 100, a p-type base 41 in the region of the front side 101,
and n-type emitters 43 arranged in the p-type base 41. The
p-type emitter 42, the p-type base 41 and the n-type emitters
43 can be produced in a conventional manner by implantation
and/or diffusion processes. Arranged between the p-type
emitter 42 and the p-type base 41 there is an n-type base 11,
which has a doping which corresponds to the basic doping of
the semiconductor wafer 100 and the doping of which is
adapted by the postdoping. The doping concentrations of the
p-type base 42, of the n-type emitters 43 and of the p-type
emitter 42 can also be altered by the postdoping, but the
doping concentrations of these component regions are sig-
nificantly higher than the doping concentration provided by
the postdoping, and so no significant change in the doping
concentrations of these semiconductor regions 41-43 occurs.

As also in the case of the example embodiment explained
above with reference to FIG. 7, the protons can be implanted
into the semiconductor wafer 100 via the front side 101, the
rear side 102 or via the front and rear sides 101, 102. If protons
are implanted only via one of the front and rear sides 101, 102
and if no thinning proceeding from the rear side is carried out,
a metallization can already been applied to the other of said
front and rear sides 101, 102 before the postdoping is carried
out. The p-type emitter 43 can—in a manner corresponding to
the drain or emitter region in accordance with FIGS. 7 and
8A-8B—be produced before or after the postdoping.

The doping concentration of the p-type emitter 42 and of
the n-type emitters 43 is for example in the range of the
doping concentration of the source and drain regions 13, 14 of
the component in accordance with FIG. 7, and the doping
concentration of the p-type base 41 is for example in the range
of'the doping concentration of the body zone 12 inaccordance
with FIG. 7.

FIG. 10 shows a component structure of a bipolar diode
during the postdoping. This bipolar diode comprises an
n-type base 11, the doping of which corresponds to the basic
doping of the semiconductor wafer 100, and a first emitter 51,
for example an n-type emitter 51, in the region of the front
side 101 of the semiconductor wafer and a second emitter 52,
such as, for example, a p-type emitter, in the region of the rear
side 102 of the semiconductor wafer 100. These two emitters
51, 52 can be produced in a conventional manner by implan-
tation and/or diffusion processes. By means of the postdoping
with the proton implantation and the thermal process, the
doping concentration of the n-type base 11 is postdoped. In
this case, the two emitters 51, 52 can also be postdoped.
However, the doping concentration thereof is significantly
higher than the doping concentration produced by the post-
doping, and so no significant change in the doping concen-
trations of the two emitters 51, 52 occurs as a result of the
postdoping. In this regard, the doping concentration of the
two emitters 51, 52 is more than 10"° em™, for example,
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while the doping concentration of the postdoping is only
between 10** cm™ and 10'* em™3, for example. The proton
implantation, as also in the case of the methods explained
above with reference to FIGS. 7 and 8, can be carried out only
via one of the front and rear sides 101, 102 or via both of said
front and rear sides 101, 102. If a proton implantation is
carried out only via one of these two sides, a metallization 31
can already be produced on the other of these two sides, such
as the rear side 102, for example, before the postdoping is
carried out, provided that the semiconductor wafer 100 is no
longer thinned. The rear-side emitter 52 can—in a manner
corresponding to the drain or emitter region in accordance
with FIGS. 7 and 8 A-8B—be produced before or after the
postdoping.

FIG. 11 shows a vertical cross-sectional view of a later
Schottky diode during the postdoping. In this case, the semi-
conductor wafer 100 has an n-type emitter 61 in the region of
the rear side 102 which adjoins the n-type base 11. The n-type
base 11 has a doping which corresponds to the basic doping of
the semiconductor wafer 100 and the doping of which is
adapted by the postdoping. In later method steps, a Schottky
metal is then applied on the front side 101 of the semicon-
ductor wafer 100. The rear-side emitter 61 can—in a manner
corresponding to the drain or emitter region in accordance
with FIGS. 7 and 8 A-8B—be produced before or after the
postdoping.

In the method explained, the total doping concentration of
the semiconductor wafer is composed of the original doping
concentration resulting from the process for producing the
semiconductor wafer 100 or the semiconductor rod 1 and the
doping concentration added by the postdoping. One example
of the method provides for the original basic doping concen-
tration already to make up at least 20%, at least 40% or at least
60% of the total doping concentration. Correspondingly, the
postdoping contributes a maximum of 80%, a maximum of
60% or a maximum of 40% to the total doping concentration
after the postdoping has been carried out. The presence of a
basic doping of the order of magnitude mentioned above has
the result that parasitic effects, such as, for example, the
presence of oxygen in the semiconductor wafer, have a less
disturbing effect than in a comparative case in which, pro-
ceeding from an intrinsic semiconductor wafer, the doping is
brought about only by hydrogen induced donors. Moreover,
the costs of the postdoping are lower than in a method in
which, proceeding from an intrinsic semiconductor wafer, the
doping is brought about only by hydrogen induced donors,
since the required proton implantation dose is significantly
lower than for the case of a pure proton doping.

As an alternative or in addition to a postdoping comprising
a proton implantation and a thermal process, a postdoping of
the semiconductor wafer 100 can also be effected by means of
aneutron irradiation. During the irradiation of a semiconduc-
tor wafer 100 consisting of silicon with neutrons, radioactive
silicon-31 (318S1) arises, which decays to n-doping phospho-
rus with a half-life of approximately 2.6 hours and with
emission of beta radiation. In this method, the doping con-
centration of the postdoping can be set by means of the
irradiation dose of the neutrons. For the total doping after
carrying out such a postdoping method using a neutron irra-
diation, the following holds true:

Nror=Ne+Ny

@,

wherein N, is the total basic doping after the postdoping
has been carried out, N; is the basic doping before the post-
doping and N is the postdoping brought about by the neutron
implantation.

Referring to FIG. 12, which schematically shows a vertical
cross section through the semiconductor wafer 100, the neu-
trons can be implanted into the semiconductor wafer 100 via
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the front side 101 and/or the rear side 102. The neutron
irradiation takes place in a nuclear reactor, for example.

Since neutrons penetrate far into the semiconductor wafer
even with a comparatively low implantation energy, there is
also the possibility of carrying out the postdoping for a plu-
rality of semiconductor wafers simultaneously, which jointly
form a monocrystalline portion of the original semiconductor
rod 1. FIG. 13 schematically shows a vertical cross section
through such a portion of the original semiconductor rod 1.
This portion of the semiconductor rod 1 comprises a plurality
of subportions that respectively form a later semiconductor
wafer 100,, 100,, 100;. These are three semiconductor
wafers in the case of the exemplary embodiment illustrated in
FIG. 13. However, this is only an example; provision can also
be made of more than three subportions that respectively later
form a semiconductor wafer. The neutron irradiation can be
carried out via a front side 101' and/or a rear side 102' of the
rod portion 100'. Alternatively or supplementarily, the neu-
tron irradiation can also be carried out via the side wall for the
case of the doping of a rod portion.

Since a thermally stable n-type doping results from the
neutron implantation, the postdoping using the neutron
implantation can already be carried out on the end process
semiconductor wafer 100, i.e. before implantation and/or dif-
fusion processes for producing active component regions are
actually carried out. Optionally, a specific heat treatment step
for activating the phosphorus doping and for annealing the
radiation damage can be carried out, wherein the tempera-
tures can be between 800° C. and 1000° C. and the duration is
one or more hours, for example. However, it is also possible
to use for this purpose temperature steps which are carried out
during the production of a semiconductor component for
other purposes, such as, for example, for activating or indif-
fusing implanted dopants.

The method explained above makes it possible to individu-
ally adapt the doping concentration of a semiconductor wafer
which already has a basic doping.

In the method, there is the possibility, in particular, of
setting different total dopings for different semiconductor
wafers from a semiconductor rod, depending on the require-
ment. In this regard, by way of example, semiconductor
wafers having a low basic doping can be postdoped such that
they have a first total doping concentration, while semicon-
ductor wafers which already have a higher basic doping can
be postdoped such that they have a second total doping con-
centration, higher than the first total doping concentration.
The individual wafers from a rod can be grouped, for
example, wherein the dopings of the wafers of the different
groups are adapted to different total doping concentrations,
for example.

The invention claimed is:
1. A method for treating a semiconductor wafer having a
basic doping, wherein the method comprises:

determining a doping concentration of the basic doping;
and

adapting the basic doping of the semiconductor wafer by
postdoping comprising
a proton implantation and a subsequent thermal process

for producing hydrogen induced donors,

wherein at least one of the following parameters is depen-
dent on the determined doping concentration of the basic
doping:
an implantation dose of the proton implantation, and
a temperature of the thermal process,

wherein the semiconductor wafer has a first side,

wherein the proton implantation is carried out via the first
side, and

wherein the proton implantation comprises at least two
proton implantation acts in which protons are implanted
with different implantation energies.
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2. The method as claimed in claim 1, wherein the tempera-
ture during the thermal process is between 400° C. and 570°
C. or between 450° C. and 550° C.

3. The method as claimed in claim 2, wherein the duration
of the thermal process is between one hour and ten hours or
between three hours and six hours.

4. The method as claimed in claim 1, wherein determining
the doping concentration of the basic doping of the semicon-
ductor wafer comprises a measurement of a resistivity of the
semiconductor wafer.

5. The method as claimed in claim 4,

wherein the semiconductor wafer is a semiconductor wafer

obtained by dividing a cylindrical single crystal, and
wherein the resistivity is measured after the single crystal
has been divided.

6. The method as claimed in claim 4,

wherein the semiconductor wafer is a semiconductor wafer

obtained by dividing a cylindrical single crystal, and
wherein the resistivity is measured before the single crystal
is divided.

7. The method as claimed in claim 1, wherein the basic
doping is an n-type basic doping.

8. The method as claimed in claim 7, wherein the basic
doping is formed by phosphorus atoms.

9. The method as claimed in claim 1, wherein the basic
doping is a p-type basic doping.

10. The method as claimed in claim 5, wherein the doping
concentration of the basic doping is higher than 1E13 cm™.

11. The method as claimed in claim 10, wherein the doping
concentration of the basic doping is higher than 1E12 cm™.

12. The method as claimed in claim 1, wherein a doping
concentration of the basic doping before the adaptation is
between 20% to 60% of a doping concentration after the
adaptation.

13. A method for treating a semiconductor wafer having a
basic doping, wherein the method comprises:

determining a doping concentration of the basic doping;

and

adapting the basic doping of the semiconductor wafer by

postdoping comprising a proton implantation and a sub-
sequent thermal process for producing hydrogen
induced donors,

wherein at least one of an implantation dose of the proton

implantation and a temperature of the thermal process is
dependent on the determined doping concentration of
the basic doping,

wherein protons are implanted during the proton implan-

tation via a first side of the semiconductor wafer into an
end-of-range region of the semiconductor wafer, and
wherein the thermal process is chosen such that a doping
concentration added by the adaptation is approximately
homogeneous in at least between 60% to at least 80% of
a volume of the semiconductor wafer in a region
between the end-of-range region and the first side.

14. The method as claimed in claim 11, wherein a ratio
between a maximum doping concentration and a minimum
doping concentration in the at least approximately homoge-
neously doped volume is less than 1.2.

15. A method for treating a semiconductor wafer having a
basic doping, wherein the method comprises:

determining a doping concentration of the basic doping;

and

adapting the basic doping of the semiconductor wafer by

postdoping comprising a proton implantation and a sub-
sequent thermal process for producing hydrogen
induced donors,

wherein at least one of an implantation dose of the proton

implantation and a temperature of the thermal process is
dependent on the determined doping concentration of
the basic doping,
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wherein protons are implanted during the proton implan-
tation via a first side of the semiconductor wafer into an
end-of-range region, and

wherein the semiconductor wafer is removed at least as far

as the end-of-range region proceeding from a second 5
side situated opposite the first side.

16. The method as claimed in claim 1, wherein the semi-
conductor wafer is a semiconductor wafer produced accord-
ing to the magnetic Czochralski (MCZ) method.

17. The method as claimed in claim 1, wherein the semi-

; . 10
conductor wafer has a diameter of 12 inches or more.
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